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(54) WHITE ORGANIC ELECTROLUMINESCENCE ELEMENT 



(57) An organic electroluminescence device emit- 
ting white llcjht which emits white light and exhibits prop- 
erties sufflcent for practical applications, i e., a high ef- 
ficiency of light emission and a long life, Is provided. The 
organic elecstroluminescence devtoe emitting white light 
comprises ci pair of electrodes and a layer of a light emit- 



ting medium disposed between the pair of electrodes, 
wherein the layer of a light emitting medium comprises 
a light emitting material emitting blue light and a fluores- 
cent compound having at least one structure selected 
from a fluoranthene skeleton structure, a pentacene 
skeleton structure and a perylene skeleton structure. 
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Description 

TECHNICAL FIELD 

[00011 The present invention relates to an organic electroluminescence device (hereinafter, electroluminescence will 
be referred to as EL) emitting while light and, more particularly, to an organic EL device having a high efficiency and 
a long life and emitting white light. 

BACKGROUND ART 

[00021 Ele.:trolumlnescence devices which utilize electroluminescence show high self-distingu is h ability because of 
the self-emfesion and are excellent In impact resistance because they are completely solid devices. Therefore, elec- 
troluminescence devices have been attracting attention for application as light emitting devices in various types of 

display apparatus. > j.- ^ • 

[0003] The electroluminescence devices include inorganic electrolumir«escence devices in which an inorganic com- 
pound is usod as the light emitting material and organic electroluminescence devices in which an organic compound 
is used as the light omitting material. Organic electroluminescence devices have been extensively studied for practical 
application as a light emitting device of the next generation because the applied voltage can be decreased to a large 
extent, the size of the device can be reduced easily, consumption of electric power is small, planar light emission is 
possible and three primary colors are easily emitted. 

[00041 As for the construction of the organic electroluminescence device, the basks oonstmction comprises an anode 
/ an organic light emitting layer / a cathode. Constructions having a hole injecting and transporting layer or an electron 
injecting layer suitably added to the basic construction are linown. Examples of such construction include the construc- 
tion of an anode / a hole injecting and transporting layer; an organic light emitting layer / a cathode and the construction 
of an anode / a hole injecting and transporting layer / an organic light emitting layer / an electron injecting layer / a 
cathode 

[00051 Recently organic EL devices for display apparatuses have been developed actively. In particular, a device 
which can Emit white light is the major target of the development. An organic EL device emitting white light can be 
used as the light source for single color displays and back light. Moreover, an organic EL device emitting white light 
can be useci for full color display when color filters are attached to a display apparatus. 

[00061 For examples, an organic EL device emitting white light is disclosed in the United States Patent No. 5,503,91 0, 
in which a laminate of a light emitting layer emitting blue light and a light emitting layer emitting green light is used as 
the layer of a light emitting medium and afluorescent compound emitting red Ught is added to the layer of a light emitting 
medium An organic EL device emitting white light is disclosed in the United States Patent No. 5.683.828, which has 
a layer of a light emitting medium obtained by adding a complex compound containing boron which is a fluorescent 
compound emitting red light to a light emitting layer emitting bluish green light. An organic EL device emitting white 
light is disclosed in Japanese Patent Application Laid-Open No. Heisei 10(1998)-308278, which has a light emitting 
medium obtained by adding a benzothioxanthene derivative which is a fluorescent compound emitting red light to a 
liqht emitting layer emitting bluish green light. 

[00071 However, the device disclosed in the United States Patent No. 5.503.910 has an efficiency of light emission 
as low as alDout 1 lumen/W and a life as short as about 1 ,000 hours although white light Is emitted. The device dlsck^ 
in the United States Patent No. 5,683,828 has an efficiency of light emission as low as about 2.8 cd/A afthough white 
light is emi ted. The device disclosed in Japanese Patent Application Laid-Open No. Heisei 1 0(1 998)-308278 has an 
efficiency of light emission as low as about 1 lumen/W although white light is emitted. No devices sufficiently satisfy 
the requirements for practical application witti respect to the efficiency of light emission and the life. 

DISCLOSURE OF THE INVEIMTION 

[00081 Tie present invention has an object of providing an organic EL device emitting white light which emits while 
light and exhibits properties sufficient for practical applications, i.e., a high efficiency of light emission of 5 lumenW or 
greater and 5 cd/A or greater and a long lite of 10.000 hours or longer 

[00091 As the result of extensive studies by the present inventors to achieve the above object, it was found that, 
when the ayer of a light emitting medium comprises a light emitting material emitting blue light and a fluorescent 
compound having at least one structure selected from the fluoranthene skeleton stmcture, the pentacene structure 
and the p«rylene stmcture, an organte EL device comprising this layer of a light emitting medium disposed between a 
pair of electrodes has a high efficiency of light emission and a long life and emits white light. The present invention 
has been ijompleted based on this knowledge. ......... 

[0010] The present invention provWes an organic ele<*oluminescence device emitting white light which compnses 
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a pair of electrodes and a layer of a light emitting medium disposed between the pair of electrodes, wherein the layer 
of a light em tting medium comprises a light emitting material emitting blue light and a fluorescent compound having 
at least one {structure selected from a fluoranthene skeleton structure, a pentacene skeleton structure and a perylene 
skeleton stricture. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0011] 

10 Figure 1 shows an examples of the construction of the organic ELdevice emitting white light of the present invention. 

Figure 2 shows another examples of the construction of the organic EL device emitting white light of the present 

invention. 

Figure 3 shows another examples of the construction of the organic EL devtee emitting white light of the present 

invention. 

IS Figure A shows another examples of the construction of the organic EL device emitting white tight of the present 

invention 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

20 [0012] Th<; organic EL device of the present invention has, as shown in Figure 1 , a construction comprising a pair 
of electrodes and a layer of a light emitting medium disposed between the pair of electrodes. 
[O013] Tho layer of a light emitting medium comprises a light emitting material emitting blue light and a fluorescent 
compound having at least one structure selected from the fluoranthene skeleton stmcture. the pentacene skeleton 
structure and the perylene skeleton structure. 

25 [O0141 Thtj layer of a light emitting medium comprises organte compounds as the main components thereof and is 
a medium providing a field for transportation and recombination of electrons and holes whfch are Injected from the 
electrodes. This layer may comprise a single layer or a plurality of layers. When the layer of a light emitting medium 
comprises e plurality of layers, the layers comprised in the layer of a light emitting medium Include a hole injecting 
layer, a hole transporting layer, a light emitting layer and an electron transporting layer. 

30 [0015] In the present invention, various constructions of the layers can be used. 

[O016] (1) in thefirst construction, similarly to the construction shown in Figure 1 , the layer of a light emitting medium 
comprises Ight emitting layer A which comprises the light emitting material emitting blue light and the fluorescent 

compound. . . 

[0017] Th3 layer of a light emitting medium may comprise a light emitting layer emitting blue light and light emitting 

35 layer A descjribed above. 

[00181 In this construction, the layer of a light emitting medium may comprise light emitting layer A and organic layers 
other than I ght emitting layer A. For example, as shown in Figure 2. light emitting layer A may be laminated with a 
charge transporting layer such as a hole injecting layer a hole transporting layer and an electron transporting layer 
The charge transporting layer and light emitting layer A may be laminated in the order reverse to that shown in Figure 

40 2. Layers olher than the charge transporting layers such as an electron barrier layer, a hole barrier layer, an organte 
semiconductive layer, an inorganic semiconductive layer and a layer for Improvement of adhesion may also be con- 
tained in tho laminate. . 
[00191 It is preferable that light emitting layer A described above comprises the light emitting matenal emitting blue 
light and a fluorescent dopant emitting blue light and/or that the light emitting layer emitting blue light comprises the 

45 light emitting material emitting blue light and a fluorescent dopant emitting blue light 

[0020] (2^ In the second construction, as shown In Figure 3, the layer of a light emitting medium comprises light 
emitting layer B comprising the light emitting material emitting blue light and a layer comprising the fluorescent com- 
pound. The layer comprising the fluorescent compound and light emitting layer B may be laminated in the order reverse 
to that shown in Figure 3. Charge transporting layers and other layers such as an electron barrier layer, a hole ban-ier 

50 layer, an organte semiconductive layer an inorganic semiconductive layer and a layer for improvement of adhesion 
may be disposed between the layer comprising the fluorescent compound or light emitting layer B and the electrodes. 
[O021] !n this construction, it is preferable that light emitting layer B is a light emitting layer emitting blue light, the 
layer comprising the fluorescent compound is a light emitting layer which comprises a light emitting material and the 
fluorescent compound and emits yellow, orange or red light and the light emitting layer emitting blue light comprises 

55 a light emiring material emitting blue light and a dopant emitting blue light. As the light emitting material comprised in 
the layer comprising the fluorescent compound, a light emitting material emitting blue or green light is preferable. 
[O022] (3) In thethird construction, asshownin Figure 4, the layer of light emitting medium comprises a light emitting 
layer emitting blue light and a layer of the fluorescent compound. The layer of the fluorescent compound and the light 
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emitting layer emitting blue light may be laminated in the order reverse to that shown in Figure 4. Charge transporting 
layers and other layers such as an electron barrier layer, a hole banier layer, an organic semiconductiv© layer, an 
inorganic semicond active layer and a layer for improvement of adhesion may be disposed between the layer of the 
fluorescent compound or the light emitting layer emitting blue light and the electrodes. 

100231 The layer of the fluorescent compound is a layer which contains 20 to 1 00% by weight of the fluorescent 
compound and emits yellow, orange or red light. In the above construction, it is preferable that the light emrtting layer 
is a light emitting layer emitting blue light and the layer of the fluorescent compound is a light emitting layer which 
composes ttie fluorescent compound and emits yellow, orange or red light. It is more preferable that the light emitting 
layer emitting blue light comprises the light emitting material emitting blue light and a fluorescent dopant emitting blue 
light. As the ight emitting material comprised in the layer of the fluorescent compound, a light emitting matenal emitting 
blue or green light is preferable, . u* 

[00241 As described above, inthefirettothirdconstrucUons, light emitting layer A, light emitting layer B and the light 
emitting lay«r emitting blue light may comprise the light emitting material emitting blue light and the fluorescent dopant 
emitting bluo light so that the property to emit blue light is enhanced. The fluorescent dopant emitting blue light is a 
compound v/hich is added to enhance the property of the light emitting layer. Preferable examples of the fluorescent 
dopant emitting blue light include styrylamines, styryl compounds substituted with an amine and compounds having a 
condensed aromatic ring. The fluorescent dopant emitting blue light is added in an amount of 0.1 to 20% by weight. It 
is preferable that the Ionization energy of the fluorescent dopant emitting blue light is smaller than the ionization energy 
of the main components so that the property for charge injection is improved. 

[0025] The layer of a light emitting medium described above may comprise a hole transporting matenal or a hole 
[OoS]"^ Th6\"^er of a light emitting medium described above may comprise a hole transporting layer or a hole Injecting 

[00271 The layer of a light emitting medium described above may comprise an electron transporting material or an 

electron injixjling material. ... ^ ,„ r 

[0028] The layer of a light omitting medium described above may comprise an electron transporting layer or an 

electron injiscting layer. . . 

[0029] It is preferable that the layer of a light emitting medium contacting the anode contains an oxidizing agent. As 
the oxidizing agent contained in the layer of a light emitting medium, an oxidizing agent having the electron-accepting 
property or an electron acceptor is preferable. Preferable examples of the oxidizing agent include Lewis acids, vanous 
types of quinone derivatwes. dicyanoquinodimethane derivatives and salts fomied from aromatic amines and Lewis 
acids Praforabte examples of the Lewis add Include iron chloride, antimony chloride and aluminum chloride. 
ro0301 It s preferable that the organic light emitting medium contarting the cathode contains a reducing agent. Pref- 
erable examples of the reducing agent include alkali metals, alkaline earth metals, alkali metal oxktes, alkaline earth 
metal oxid.»s, oxides of rare earth elements, alkali metal halides, alkaline earth metal halides, halides of rare earth 
elements and complex compounds formed from alkali metals and aromatic compounds. Preferable examples of the 
alkali metal include Cs, Li, Na and K. w*k«i=„»rM 
[00311 A layer of an inotganfc compound may be disposed between at least one of the electrodes and the layer of 
a liqht emilting medium. Preferable examples of the inorganfc compound used in the layer of an inorganic compound 
include vahous types of oxides, nitrides and oxWe nItrWes such as alkali metal oxides, alkaline earth metal oxides, 
oxides of rare earth elements, alkali metal halides. alkaline earth metal halides, halides of rare earth elements, SIO 
AlO SIN SiON AlON, GeO^, LiO„ LION, TiO„ TiON, TaO„ TaON, TaN^ and C. In particular, as the component of 
the teyer i^jntacting the anode. SiO^. AlO,. SIN,, SION, AlON, GeO, and 0 are preferable since a stable interface layer 
for Iniectioi is fomied. As the component of the layer contacting the cathode, LiF, MgFa, CaFj and NaF are preferable. 
[00321 Examples of the fluorescent compound having at least one stnicture selected f orni the f luoranthene skeleton 
structure and the perylene skeleton structure, whfch Is used In the present Invention. Include compounds represented 
by general fonnulae (11. (21 and [1] to [18] shown in the foltowing. 

X=Z=Y H'l 
X=W P'l 



[0033] 1 1 the above fomiulae, Z represents a tetravalent group represented by any of the following general fomiulae 
(1)to(6): 
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X and Y each independently represent a divalent group represented by any of the following general fomnulae (7) to {1 0): 




W represents a divalent group represented by any of the following general formulae (11) to (13): 
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R70 r6« 










rT8. 




. R 






RW R7« 





[0034] In the above general fonnulae (1) to (13), RO to R99 each Independently represent hydrogen atom, a halogen 
atom; cyano group, a substituted or unsubstltuted alkyi group having 1 to 20 carbon atoms, a substituted or unsubstl- 
tuted cycloal^cyi group having 6 to 1 0 carbon atoms, a substituted or unsubstituted aikoxy group having 1 to 20 carbon 
atoms, a sub:$tituted or unsubstituted amino group having 1 to 30 carbon atoms, a substituted or unsubstituted aryloxy 
group having 6 to 20 carbon atoms, a substituted or unsubstituted alkoxycarbonyl group having 1 to 20 carbon atoms, 
a substituted or unsubstituted aralkyi group having 6 to 30 carbon atoms, a substituted or unsubstituted aromatic 
hydrocarbon group having 6 to 30 carbon atoms or a substituted or unsubstituted heterocyclic group having 5 to 30 
carbon atomji, and adjacent groups represented by BP to may be bonded to each other to form a cyclic structure. 
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14 X>3 X»X» 




^ x< X»X« X' 



,t x»« X" x« r 




no 




X* 



CIS) 



X" xio 




C16) 



[00351 In the above general foimulae [1] to [16], to X20 each independently represent hydrogen atom, a linear, 
branched c r cyclic allcyi group having 1 to 20 carbon atoms, a ilnear, branched or cyclic alkoxy group having 1 to 20 
carbon atons, a substituted or unsubstituted aryl group having 6 to 30 carton atoms, a substituted or unsubstituted 
aryloxy group having 6 to 30 carbon atoms, a substituted or unsubstituted arylamino group having 6 to 30 carbon 
atoms a substituted or unsubstituted alkytamino group having 1 to 30 cartoon atoms, a substituted or unsubstituted 
arvlalkylamino group having 7 to 30 carbon atoms or a substituted or unsubstituted alkenyl group having 8 to 30 carbon 
atoms, adjacent substituents and adjacent groups represented by Xl to X» may be bonded to each other to form a 
cyciic structure, and, when the adjacent substituents are aromatic groups, the substituents may the same group. 
(0036] It Is preferable that the compounds represented by generai formulae [1 1 to [1 6] have an ammo group or an 
alkenyl grcup. 
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CI 73 



IB RU R18 




(18] 



100371 In Ihe above general formulae [1 7] and [1 8], R1 to each Independently represent an alkyi group having 1 
to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 30 cattoon atoms, any of a pair of groups 
represented by and R2 and a pair of groups represented by R3 and R* may be bonded to each other through a 
carbon-carbon bond, -O- or -S-, flS to Ri8 each Independently represent hydrogen atom, a linear, branched or cyclic 
alkvl group having 1 to 20 carbon atoms, a linear, branched or cyclic alkoxy group having 1 to 20 carbon atoms, a 
substttuted or unsubstituted aryl group having 6 to 30 carbon atoms, a substituted or unsubstituted aryloxy group having 

6 to 30 cart.on atoms, a substrtuted or unsubstituted arylamino group having 6 to 30 carbon atoms, a substituted or 
unsubstituted alkytamino group having 1 to 30 carbon atoms, a substituted or unsubstituted arylalkylamino group having 

7 to 30 caroon atoms or a substituted or unsubstituted alkenyl group having 8 to 30 carbon atoms, and adjacent 
substltuents and adjacent groups represented by to R« may be bonded to each other to form a cyclic structure. It 
is preferabl.5 that at least one of the substttuents represented by R' to Ri" in the above general formulae has an amine 

SoM?''* dimples of the fluorescent compound having at least one pentacene skeleton stnicture. which is used in 
ttie present Invention, Include compounds represented by fomnulae [1 9] and [20] shown in the following. 



Rl R>« R» R» R'^ 




r4 r6 R« R^ R* 



CI 0) 



[00391 In the above general formula [19], R1 to H^* each independently represents hydrogen atom, an alkyI group 
having 1 to 1 0 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an arylalkyi group having 6 to 20 carbon 
atoms an aryl group having 6 to 30 carbon atoms, an arylamino group having 6 to 30 carbon atoms, an alkylamino 
aroup having 2 to 20 carbon atoms or an arylalkylamino group having 6 to 30 carbon atoms, the groups represented 
by Rl to RW may be substituted, and at least one pair of groups represented by R1 to R» whksh are acljacent to each 
other are not hydrogen atom and fomn a cydte structure. 
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55 




C20) 



10 [0040] In the above general fomnula [20], R^s to R26 each independently represent hydrogen atom, an alky! group 
having 1 to 10 carbon atonfis, an aryloxy group having 6 to 20 carbon atoms, an arylalkyi group having 6 to 20 carbon 
atoms, an aryl group having 6 to 30 carbon atoms, an arylamino group having 6 to 30 carbon atoms, an alkylamino 
group having 2 to 20 carbon atoms or an arylalkytamino group having 6 to 30 carbon atoms, the groups represented 
by R'^s to r23 may be substituted, at least one pair of groups represented by R^^ to R2B which are adjacent to each 

15 other are not hydrogen atom and form a cyclic structure, and Ar^ and Ar2 each represent a substituted or unsubstituted 
aryl group having 6 to 30 carbon atoms or a substituted or unsubstituted heterocyclic group having 5 to 30 carbon atoms. 
[0041] it is preferable that the fluorescent compound having the fluoranthene skeleton structure or the perylene 
skeleton structure has an electron-donating group so that a high efficiency and a long life are achieved. As the electron- 
donating group, substituted and unsubstituted arylamino groups are preferable. 

20 [0042] It is preferable that the fluorescent compound having the fluoranthene skeleton structure, the perylene skel- 
eton structuie or the pentacene skeleton structure has 5 or more condensed rings and more preferably 6 or more 
condensed rings since the fluorescent compound having this structure has the peak wavelength of fluorescence at 
540 to 650 nm and the light emitted from the light emitting material emitting blue light and the light emitted from the 
fluorescent compound are combined so as to emit white light. 

25 [0043] it is preferable that the fluorescent compound has a plurality of the fluoranthene skeleton structures or a 
plurality of the perylene skeleton structure since the emitted light is in the region of yellow to red. it is more preferable 
that the fluorescent compound has an electron-donating group and the fluoranthene skeleton structure orthe perylene 
skeleton staicture and has the peak wavelength of fluorescence at 540 to 650 nm. 

[0044] It is preferable that the light emitting material emitting blue light used in the present invention is a styryl de- 
30 rivative, an anthracene derivative or an aromatic amine. 

[0045] It 15; preferable that the styiyl derivative described above is at least one compound selected from distyryl 
derivatives, t ristyryl derivatives, telrastyryl derivatives and styrylamine derivatives. 

[0046] It is preferable that the anthracene derivative described above is a compound having the phenylanthracene 
skeleton structure. 

35 [O047] It is preferable that the aromatic amine described above is a compound having 2 to 4 nitrogen atoms which 
are substituted with an aromatic group and more preferably a compound having 2 to 4 nitrogen atoms which are 
substituted with an aromatic group and having at least one alkenyl group. 

[O048] Examples of the styryl derivative and the anthracene derivative described above include compounds repre- 
sented by general formulae [i] to [v] shown bellow. Examples of the aromatk: amine described above include compounds 
40 represented by general fonnuiae [vi] and [vii] shown below. 




CD 



[0049] In the above general fomnuia, R^' to R^®' each independently represent hydrogen atom, a halogen atom, cyano 
group, nitro i^roup, a substituted or unsubstituted alkyi group having 1 to 20 carbon atoms, a substituted or unsubstituted 
alkoxy grouo having 1 to 20 cariaon atoms, a substituted or unsubstituted aryloxy group having 6 to 30 groups, a 
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substituted or unsubstituted alkylthio group having 1 to 20 carbon atoms, a substituted or unsubstituted arylthlo group 
having 6 to 3C carbon atoms, a substituted or unsubstituted arylalkyi group having 7 to 30 carbon atoms, an unsubsti- 
tuted single ring group having 5 to 30 carbon atoms, a substituted or unsubstituted condensed multi-ring group having 
10 to 30 carbon atoms or a substituted or unsubstituted heterocyclic group having 5 to 30 carbon atoms. 
[00501 Ar^ Ar2 each independently represent a substituted or unsubstituted aryi group having 6 to 30 carbon 
atoms or a substituted or unsubstituted allcenyl group. The substituent in the above groups is a substituted or unsub- 
stituted alkyi qroup having 1 to 20 carbon atoms, a substituted or unsubstituted all^oxy groups having 1 to 20 carbon 
atoms, a substituted or unsubstituted aryloxy group having 6 to 30 carbon atonns, asubstituted or unsubstituted allcylthio 
group having 1 to 20 carbon atoms, a substituted or unsubstituted arylthio group having 6 to 30 carbon atoms, a 
substituted or unsubstituted arylalkyi group having 7 to 30 carbon atoms, an unsubstituted single ring group having 5 
to 30 carbon atoms, a substituted or unsubstituted condensed multl -ring group having 10 to 30 carbon atoms or a 
substituted oi unsubstituted heterocyclic group having 5 to 30 carbon atoms. 




[0051] In the above general formula. R1' to R^O' each independently represent hydrogen atom, a halogen atom, cyano 
group, nitre group, a substituted or unsubstituted alkyI group having 1 to 20 carbon atoms, a substituted or unsubstituted 
alkoxy group- having 1 to 20 cariaon atoms, a substituted or unsubstituted aryloxy group having 6 to 30 groups, a 
substituted or unsubstituted alkylthio group having 1 to 20 carbon atoms, a substituted or unsubstituted arylthio group 
having 6 to 30 cariDon atoms, a substituted or unsubstituted arylalkyi group having 7 to 30 carbon atoms, an unsubsti- 
tuted single ring group having 5 to 30 carbon atoms, a substituted or unsubstituted condensed multi-ring group having 
1 0 to 30 cart)on atoms or a substituted or unsubstituted heterocyclic group having 5 to 30 carbon atoms. 
[0052] Ar3 and Ar^ each independently represent a substituted or unsubstituted aryl group having 6 to 30 cariaon 
atoms or a substituted or unsubstituted alkenyl group. The substituent In the above groups Is a substituted or unsub- 
stituted alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy groups having 1 to 20 carbon 
atoms . a substituted or unsubstituted aryloxy group having 6 to 30 carbon atoms, a substituted or unsubstituted alkylth io 
group having 1 to 20 carbon atoms, a substituted or unsubstituted aeyithio group having 6 to 30 carbon atoms, a 
substituted or unsubstituted arylalkyi group having 7 to 30 carbon atoms, an unsubstituted single ring group having 5 
to 30 cartDor atoms, a substituted or unsubstituted condensed multi-ring group having 10 to 30 cariaon atoms, a sub- 
stituted 0 r unsubstituted heterocyclk: group having 5 to 30 carbon atoms or a substituted or unsubstituted alkenyl group 
having 4 to 40 carbon atoms. 

[0053] n nspresents a number of 1 to 3, m represents a number of 1 to 3 and n-Hns2. 
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[0054] In the above general formula [ii], R**' to R®' each independently represent hydrogen atom, a halogen atom, 
cyano group, nitro group, a substituted or unsubstltuted alkyi group having 1 to 20 carbon atoms, a substituted or 
unsubstituted alkoxy group having 1 to 20 carbon atoms, a substituted or unsubstltuted aryloxy group having 6 to 30 
groups, a substituted or unsubstltuted alkylthlo group having 1 to 20 carbon atoms, a substituted or unsubstltuted 

5 arylthio group having 6 to 30 catton atoms, a substituted or unsubstituted arylallcyl group having 7 to 30 carbon atoms, 
an unsubstituted single ring group having 5 to 30 carbon atoms, a substituted or unsubstituted condensed multi-ring 
group having 1 0 to 30 carbon atoms or a substituted or unsubstituted heterocyclic group having 5 to 30 carbon atoms. 
[0055] Ar^ jand Ar^ each independently represent a substituted or unsubstituted aryl group having 6 to 30 carbon 
atoms or a substituted or unsubstituted alkenyl group. The substituent in the above groups is a substituted or unsub- 

10 strtuted alkyl group having 1 to 20 carbon atonf^, a substituted or unsubstituted alkoxy groups having 1 to 20 cartjon 
atoms, a substituted or unsubstituted aryloxy group having 6 to 30 carbon atoms, asubstltuted or unsubstltuted alkylthio 
group having 1 to 20 carbon atoms, a substituted or unsubstituted arylthio group having 6 to 30 carbon atoms, a 
substituted or unsubstituted arylalkyi group having 6 to 30 carbon atoms, an unsubstltuted single ring group having 6 
to 30 carbon atoms, a substituted or unsubstituted condensed multi-ring group having 10 to 30 carbon atoms, a sub- 

15 stituted or un«ubstituted heterocyclic group having 5 to 30 carbon atoms or a substituted or unsubstituted alkenyl group 
having 4 to 40 carbon atoms. 



20 



25 



30 
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35 [0056] m the above general formula, Ri' to R^O" each independently represent hydrogen atom, an alkenyl group, an 
alkyl group, a cycloalkyi group, an aryl group which may be substituted, an alkoxy group, an aryloxy group, an alkylamino 
group, an ar^Mamino group or a heterocyclfc group whteh may be substituted, a and b each represent an integer of 1 
to 5 and, whisn any of a and b represents an integer of 2 or greater, a plurality of R^' or R^* may represent the same 
or different groups, a plurality of groups represented by R''" or R2" may be bonded to each other to form a ring, and a 

40 pair of groups represented by R3' and R^", RS" and R®", R7" and R8" or R^" and R^o" may fomn a ring via the bonding 
within the pa r. U represents a single bond, >0-. -S-, -N(R)-, R representing an alkyl group or an aryl group which may 
be substituted, or an arylene group. 



45 



50 



55 



13 



EP1 182 244 A1 



5 



10 



15 




Cv] 



20 [0057] In tlie above general formula. R^^" to R^o" each independently represent hydrogen atom, an alkenyl group, 
an alkyl group, a cycloalkyi group, an aryl group, an alkoxy group, an aryloxy group, an alkylamino group, an arylamino 
group or a hoterocyclic group which may be substituted, c, d, e and f each represent an Integer of 1 to 5 and, when 
any of c, d, e and f represents an integer of 2 or greater a plurality of R^""", R^^", R16" or R17" may represent the sanne 
or different groups, a plurality of groups represented by R^^", R^^'.. R^^" or R^^" ^ay be bonded to each other to form 

25 a ring and a oalr of groups represented by R''^" and R^*" or R^^ and R^^' may fonn a ring via the bonding within the 
pair. l2 represents a single bond, -0-, -S-, -N{R)-, R representing an alkyl group or an aryl group which may be sub- 
stituted, or ai arylene group. 

35 

[0058] In the above general formula, Ar^', Ar^' and Ar^' each independently represent a substituted or unsubstltuted 
monovalent aromatic group having 6 to 40 carbon atoms, at least one of the groups represented by Ar^' to Ar^' may 
have a styry group and g represents an integer of 1 to 4. 




[0059] In Ihe above general fonnula, Ar«\ Ar^' Ar®', Ar""^' and Ar'is' each independently represent a substituted or 
unsubstltuted monovalent aromatic group having 6 to 40 carbon atoms, Ar®' and Ar'^o* each Independently represent 
a substituted or unsubstltuted divalent aromatic group having 6 to 40 carbon atoms, at least one of the groups repre- 

50 sented by Ar^' to Ar^^' pf^ay have styryl group or styrylene group and h and k each represent an integer of 0 to 2. 

[0060] It Ik preferable that the above fluorescent dopant emitting blue light is at least one compound selected from 
styrylamines, styryl compounds substituted with an amine and compounds having a condensed aromatic ring. 
[0061] Examples of the above styry lamine and the above styryl compound substituted with an amine Include com- 
pounds represented by general fomnulae [viii] and [ix] shown below. Examples of the above compound having a con- 

55 densed aromatic ring Include compounds represented by general fonnula [x] shown below. 
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[0062] In the above genera! formula, Ar^", Ar2" and Ar^" each independently represent a substituted or unsubstituted 
arylene group having 6 to 40 carbon atoms, at least one of the groups represented by Ar^" to Ar^" has styryl group and 
p represents an integer of 1 to 3. 



[0063] In the above general fomiula, Ar^" and Ar^' each independently represent an arylene group having 6 to 30 
carbon atoms, Ei and E2 each Independently represent an aryl group having 6 to 30 carbon atoms, an alkyi group, 
hydrogen atom or cyano group, q represents an integer of 1 to 3 and at least one of U and V represents a substltuent 
having an anino group. It is preferable that the amino group is an arylamino group. 

(Ah-B • • • Cx3 

[00641 In the above genera! formula, A represents an alley! group or an alkoxy group having 1 to 16 carbon atoms, 
a substituted or unsubstituted aryl group having 6 to 30 carbon atoms, a substituted or unsubstituted alkylamino group 
having 6 to 30 carbon atoms or a substituted or unsubstituted arylamino group having 6 to 30 carbon atoms, B repre- 
sents a condensed aromatic ring group having 10 to 40 carbon atoms and r represents an integer of 1 to 4. 
[0065] Thii present invention will be described more specifically with reference to examples in the following. However, 
the present nvention is not limited to the examples. 

Example 1 F>reparation of an organic EL device (An example of the first construction: the fiuoranthene skeleton 
structure) 

[0066] A c lass substrate of 25 mm x75 mm x 1 . 1 mm thickness having a transparent electrode line of ITO (in-Sn-O) 
(manufactured by GEOMATEC Company) was cleaned with isopropy! alcohol for 5 minutes under application of ultra- 
sonic wave and treated by the UV ozone cleaning for 30 minutes. The cleaned glass substrate having a transparent 
electrode line was attached to a substrate holder in a vacuum vapor deposition apparatus. On the face of the substrate 
on which the transparent electrode line was disposed, a film of N.N'-bis(N,N'-diphenyl-4-aminphenyl)-N,N-dipheny!- 
4 4'-diaminc.-1 V-biphenyl (a TPD232 film) having a thickness of 60 nm was formed in a manner such that the film 
covered the transparent electrode line. The TPD232 film worked as the hole injecting layer. Then, a film of 4,4'-bis 
[N-(1 -naphthy!)-N-phenylamino]biph6nyl (an NPD film) having a thickness of 20 nm was formed on the TPD232 film. 
The NPD film worked as the hole transporting layer. On the NPD film, a styryl derivative DPVBI having the structure 
shown below and a fluorescent compound E1 having the structure also shown below (the peak wavelength of fluores- 
cence: 565 nm) were vapor deposited in amounts such that the ratio of the amounts by weight was 40:0.04 and a film 
having a thickness of 40 nm was fomied. This film worlced as the light emitting layer emitting white light. On the film 
formed abo/e, a film of trls(8-quinollnol)alumlnum (an Alq film) having a thickness of 20 nm was fomned. The Alq film 
worked as t ie electron injecting layer Subsequently, Li (lithium, manufactured by SAES GETTERS Company) and Ak^ 
were binary vapor deposited and an Alq:U film was fomned as the electron injecting layer (a cathode). On the formed 
Alq:Li film, aluminum metal was vapor deposited and a metal cathode was fomied. Thus, an organic EL device was 

fomned. , . _ 

[0067] The properties of the obtained organic EL device were evaluated. A direct voltage of 5 V was applied in a 
condition such thatthe ITO anode was connected to the positive electrode (+) andthe aluminum cathode was connected 
to the negative electrode (-). White light was emitted at a luminance of 181 cd/m2. a maximum luminance of 110.000 
cd/m2 and an efficiency of light emission of 8.8 cd/A. The chromaticity coordinates were (0.36, 0.32) and emission of 



15 



EP1 182244 A1 



white light could be confirmed. The life was as long as 1 ,800 hours when the device was driven under a constant 
current drivinjj at an initial luminance of 1 ,000 cd/m^. 




(DPVB i) 




(El) 



Example 2 FYeparation of an organic EL device (An example of the second construction: the fluoranthene skeleton 
structure) 

[0068] A gilass substrate of 25 mmx75 mmxl .1 mm thickness having a transparent electrode line of ITO (In-Sn-O) 
(manufactured by GEOMATEC Company) was cleaned with isopropyl alcohol for 5 minutes under application of ultra- 
sonic wave and treated by the UV ozone cleaning for 30 minutes. The cleaned glass substrate having a transparent 
electrode line was attached to a substrate holder in a vacuum vapor deposition apparatus. On the face of the substrate 
on which th.3 transparent electrode line was disposed, a TPD232 film having a thtekness of 60 nm was fonmed In a 
manner such that the film covered the transparent electrode line. The TPD232 film wori<ed as the hole Injecting layer. 
Then, an NPD film having a thickness of 20 nm was fomied on the TPD232 film. When the NPD film was formed, the 
fluorescent compound described above (E1) was added in an amount such that the amounts by weight of NPD to El 
was 20 0 1 The NPD film worked as the light emitting layer emitting yellowish orange light and having the hole trans- 
porting property. On the NPD film, a film of DPVBI having a thickness of 40 nm was fomied as the light emitting layer 
emitting blue light. On the film formed above, an Alq film having a thtekness of 20 nm was formed. The Alq film worked 
as the electron injecting layer. Subsequently. Li (lithium, manufactured by SAES GETTERS Company) and Alq were 
binary vapor deposited and an Alq:Li film was fomned as the electron injecting layer (a cathode). On the formed Alq: 
Li film alurriinum metal was vapor deposited and a metal cathode was fomned. Thus, an organic EL device was fomied. 
[0069i The properties of the obtained organic EL devtee were evaluated. A direct voltage of 5 V was applied In a 
condition such thatthe ITO anode was connected to the positive electrode (+) and the aluminum cathode was connected 
to the negative electrode (-). White light was emitted at a luminance of 151 cd/m2. a maximum luminance of 80,000 
cd/m2 and iin efficiency of light emission of 6.8 cd/A. The life was as tong as 1 ,1 00 hours when the device was driven 
under a constant voltage at an initial luminance of 1 ,000 od/m^. 
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Example 3 Preparation of an organic EL device (An example of the third construction: the fluoranthene skeleton 
structure) 

[00701 A g ass substrate of 25 mmx75 nnm xl .1 mm thickness having a transparent electrode line of ITO (In-Sn-O) 
(manufactunjd by GEOMATEC Company) was cleaned with isopropyl alcohol for 5 minutes under application of ultra- 
sonic wave and treated by the UV ozone cleaning for 30 minutes. The cleaned glass substrate having a transparent 
electrode lin.5 was attached to a substrate holder in a vacuum vapor deposition apparatus. On the face of the substrate 
on which tho transparent electrode line was disposed, a TPD232 film having a thtekness of 60 nm was formed m a 
manner such that the film covered the transparent electrode line. The TPD232 film worked as the hole injecting layer 
Then an NPD film having a thtekness of 20 nm was fomied on the TPD232 film. The NPD film worked as the hole 
transporting layer On the NPD film, the fluorescent compound (E1 ) described above was vapor deposited and a film 
having a thic^kness of 3 nm was formed. This film worked as the layer of a fluorescent compound and emitted orange 
light On the thus formed film, a styryl derivative DPVBi was vapor deposited and a film having a thickness of 40 nm 
was formed This film worked as the light emitting layer emitting blue light. On the film fomied above, an Alq film having 
a thtekness of 20 nm was fomied. The Alq film worked as the electron injecting layer. Subsequently. Li (lithium, man- 
ufactured by SAES GETTERS Company) and Alq were binary vapor deposited and an Alq:Li film was formed as the 
electron injecting layer (a cathode). On theformed Alq:U film, aluminum metal was vapor deposited and a metal cathode 
was formed. Thus, an organfc EL devfce was fonned. 

[00711 Tho properties of the obtained organic EL device were evaluated. A direct voltage of 5 V was applied in a 
condition such thatthe ITO anode was connectedto the positfveelectrode(+)andthe aluminum cathode was connected 

to the negative electrode (-). White light was emitted at a luminance of 131 cd/m2, a maximum luminance of 60.000 
cd/m2 and an efficiency of light emission of 5.8 cd/A. The life was as long as 1 ,400 hours when the device was driven 
under a constant voltage at an initial luminance of 1 ,000 cd/rr^. 

Example 4 F>reparBtion of an organic EL device (An example of adding a hole transporting material to the light emitting 
layer) 

[O0721 A glass substrate of 25 mmx76 mmxl .1 mm thickness having a transparent electrode line of ITO (In-Sn-O) 
(manufactured by GEOMATEC Company) was cleaned with isopropyl alcohol for 5 minutes under application of ultra- 
sonic wave and treated by the UV ozone cleaning for 30 minutes. The cleaned glass substrate having a transparent 
electrode line was attached to a substrate holder in a vacuum vapor deposition apparatus. On the face of the substrate 
on which the transparent electrode line was disposed, a TPD232 film having a thtekness of 60 nm was fomried In a 
manner such that the film covered the transparent electrode line. The TPD232 film worked as the hole injecting layer. 
Then an NPD film having a thickness of 20 nm was fonned on the TPD232 film. The NPD film worked as the hole 
transportlncj layer. On the NPD film, the fluorescent compound described above (El), NPD as the hole transporting 
material and a styryl derivative DPVBi as the material emitting blue light were mixed in amounts such that the ratio of 
the amounts by weight was 20:20:0.04 and a film was fonmed from the mixture. This film worked as the light emitting 
layer emitting white light. On the film formed above, an Alq film having a thickness of 20 nm was formed. The Alq film 
worked as the electron injecting layer Subsequently, Li (lithium, manufactured by SAES GETTERS Company) and Alq 
were blnar> vapor deposited and an Alq:Li film was formed as the electron injecting layer (a cathode). On the formed 
Alq:Li film, aluminum metal was vapor deposited and a metal cathode was formed. Thus, an organic EL devtee was 

formed. , - .- w i- ^ • 

[00731 Thie properties of the obtained organic EL device were evaluated. A direct voltage of 5 V was applied in a 
condition such thatthe ITO anode was connectedtothepositiveelectrode(+)and the aluminumcathode was connected 

to the negative electrode (-). White light was emitted at a luminance of 131 cd/m2, a maximum luminance of 120,000 
cd/m2 and an efficiency of light emission of 8.0 cd/A. The life was as long as 2,000 hours when the device was driven 
under a constant voltage at an initial luminance of 1 ,000 cd/m^. 

Example 5 Preparation of an organic EL device (An example of the first construclton: the pentacene skeleton structure) 

[0074] An organic EL device was prepared in accordance with the same procedures as those conducted in Example 
1 except that a styryl derivative DPVBi. PAVB having the structure shown below as the fluorescent dopant emitting 
blue light &nd a fluorescent compound F1 having the structure shown below (the peak wavelength of fluorescence: 
595 nm) were vapor deposited on the NPD film in amounts such that the ratio of the amounts by weight was 40:1 :0.06 
and a film having a thickness of 40 nm was fomned. 

[00751 Tie properties of the obtained organic EL device were evaluated. A direct voltage of 6 V was applied in a 
condition such thatthe ITO anode was connectedto the positive electrode (+) and the aluminum cathode was connected 
to the negative electrode (-). White light was emitted at a luminance of 319 cd/m^, a maximum luminance of 100,000 
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cd/m2 and an efficiency of light emission of 7.28 cd/A. The chromaticlty coordinates were (0.33, 0.34) and emission of 
white tight could be confinned. The life was as long as 3,500 hours when the device was driven under a constant 
voltage at an initial luminance of 1 ,000 cd/rn2. 
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Example 6 P'eparatlon of an organic EL device (An example of the second constnjctlon: the pentacene siceleton 
structure) 

[0076] A glass substrate of 25 mm x75 mm x 1 .1 mm thickness having a transparent electrode line of iTO (In-Sn-O) 
(manufactured by GEOMATEC Company) was cleaned with isopropyi alcohol for 5 minutes under application of ultra- 
sonic wave and treated by the UV ozone cleaning for 30 minutes. The cleaned glass substrate having a transparent 
electrode Wm was attached to a substrate holder in a vacuum vapor deposition apparatus. On the face of the substrate 
on which the transparent electrode line was disposed, a TPD232 film having a thickness of 60 nm was fomried in a 
manner such that the film covered the transparent electrode line. The TPD232 film worked as the hole injecting layer. 
Then, an NPD film having a thickness of 20 nm was fomied on the TPD232 film. On the NPD film, a styryl derivative 
DPVBI and a fluorescent compound (F1 ) were vapor deposited In amounts such that the ratio of the amounts by weight 
was 2:0.026 and a film having a thickness of 2 nm was formed. This film worked as the light emitting layer emitting 
orange light. On the fomned film, the styryl derivative DPVBi and PAVB as the fluorescent dopant emitting blue light 
were vapor deposited in amount such that the ratio of the amount by weight was 38:1 and a film having a thickness of 
38 nm was fomied. This film worked as the light emitting layer emitting blue light. On the film fomied above, an Alq 
film having a thickness of 20 nm was fonned. The Alq film worked as the electron injecting layer Subsequently, Li 
(lithium, manufactured by SAES GETTERS Company) and Alq were binary vapor deposited and an AlqiLi film was 
formed as tho electron Injecting layer (a cathode). On the fonmed Alq:Li film, aluminum metal was vapor deposited and 
a metal cathode was formed. Thus, an organic EL device was formed. 

[0077] The properties of the obtained organic EL device were evaluated. A direct voltage of 5.5 V was applied in a 
condition such that the ITO anodewasconnectedto the positive electrode (+) and the aluminum cathode was connected 
to the negative electrode (-). White light was emitted at a luminance of 233 cd/m^, a maximum luminance of 80,000 
cd/m2 and an effbiency of light emission of 6.85 od/A. The life was as long as 2,1 00 hours when the device was driven 
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under a cons tant voltage at an initial luminance of 1 ,000 cd/rr?. 
Comparative Example 1 

s [0078] An organic EL device was prepared in accordance with tlie same procedures as those conducted in Example 
1 except thai rubrene which is generally used as a fluorescent compound emitting orange light was used in place of 
the fluorescent compound (E1). 

[0079] The properties of the obtained organic EL device were evaluated. A direct voltage of 6 V was applied in a 
condition sue h that the ITO anode was connected to the positive electrode (+) and the aluminum cathode was connected 
10 to the negative electrode (-). White light was emitted at a luminance of 140 cd/m^, a maximum luminance of 60,000 
cd/m^ and an efficiency of light emission of 4.0 cd/A. The efficiency of light emission was markedly inferior to those 
obtained in E xamples. The life was as short as 560 hours when the device was driven under a constant voltage at an 
initial luminance of 1,000 cd/m^. 

15 INDUSTRlAi, APPLICABILITY 

[O080] As described above in detail, the organic EL device of the present Invention emits white light and has an 
efficiency of ight emission as high as 5 lumen/W or greater and 5 cd/A or greater and a life as long as 10,000 hours 
or longer un(Jerthe condition of ordinary use. Thus, the organic EL device exhibits properties sufficient for practical 
20 applications. The organic EL device is advantageously used as the light emitting device in various types of display 
apparatuses 

Claims 

25 

1 . An organic electroluminescence device emitting white light which comprises a pair of electrodes and a layer of a 
light emiiting medium disposed between the pair of electrodes, wherein the layer of a light emitting medium com- 
prises a light emitting material emitting blue light and a fluorescent compound having at least one structure selected 
from a f Itioranthene skeleton structure, a pentacene skeleton structure and a perylene skeleton structure. 

30 

2. An organlcelectrolumlnescence device emitting white light according to Claim 1 .wherein the layerof a light emitting 
medium .comprises light emitting layer A comprising the light emitting material emitting blue light and the fluorescent 
compound. 

35 3. An organ ic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
medium comprises a tight emitting layer emitting blue light and light emitting layer A which comprises the light 
emitting material emitting blue light and the fluorescent compound. 

4. An organ Ic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
40 medium Domprises light emitting layer B comprising the light emitting material emitting blue light and a layer com- 
prising tfie fluorescent compound. 

5. An organ ic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
medium comprises a light emitting layer emitting blue light and a layer comprising the fluorescent compound. 

45 

6. An organic electroluminescence device emitting white light according to Claim 2, wherein light emitting layer A 
compris(»s the light emitting material emitting blue light and a fluorescent dopant emitting blue light. 

7. An organic electroluminescence device emitting white light according to Claim 3, wherein light emitting layer A 
50 compriscis the light emitting material emitting blue light and a fluorescent dopant emitting blue light. 

8. An organic electroluminescence device emitting white light according to Claim 4, wherein light emitting layer B 
compris^js the light emitting material emitting blue light and a fluorescent dopant emitting blue light. 

55 9. An organic electroluminescence device emitting white light according to Claim 3, wherein the light emitting layer 
emitting blue light comprises the light emitting material emitting blue light and a fluorescent dopant emitting blue 
light. 
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10. An organic electroluminescence device emitting white light according to Claim 5, wherein the light emitting layer 
emitting blue light comprises the light emitting material emitting blue light and a fluorescent dopant emitting blue 
light. 

5 1 1 . An organic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
medium comprises a hole transporting material or a hole injecting material. 

1 2. An organic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a tight emitting 
medium >:omprtses a hole transporting layer or a hole injecting layer. 

10 

13. An organic electroluminescence device emitting white light according to Claim 1 , wherein the layerof a light emitting 
medium 'Comprises an electron transporting material or an electron injecting material. 

14. An organic electroluminescence device emitting white light according to Claim 1 , wherein the layerof a light emitting 
IS medium comprises an electron transporting layer or an electron injecting layer. 

1 5. An organ ic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
medium which contacts an anode comprises an oxidizing agent. 

20 1 6. An organic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
medium which contacts a cathode comprises a reducing agent. 

17. An organic electroluminescence device emitting white light according to Claim 1 , wherein a layer of an inorganic 
compound is disposed between at least one of electrodes and the layer of a light emitting medium. 

25 

1 B. An orgar ic electroluminescence device emitting while light according to Claim 1 , wherein the light emitting material 
emitting olue light Is a styryl derivative, an anthracene derivative or an aromatic amine. 

19. An organic electroluminescence device emitting white light according to Claim 18, wherein the styryl derivative is 
30 at least one compound selected from distyryl derivatives, tristyryl derivatives, tetrastyryl derivatives and styrylamlne 

derivativds. 

20. An organic electroluminescence device emitting white light according to Claim 18, wherein the anthracene derw- 
atlve is e. compound having a phenylanthracene skeleton structure. 

35 

21 . An orgafiic electroluminescence device emitting white light according to Claim 18, wherein the aromatic amine is 
a compound having 2 to 4 nitrogen atoms which are substituted with an aromatic group, 

22. An organic electroluminescence device emitting white light according to Claim 18, wherein the aromatic amine is 
40 a compcund having 2 to 4 nitrogen atoms which are substituted with an aromatic group and having at least one 

alkenyl cjroup. 

23. An organic electroluminescence device emitting white light according to Claim 6, wherein the fluorescent dopant 
emitting blue light is at least one compound selected from styrylamlnes, styryl compounds substituted with an 

45 amine atid compounds having a condensed aromatk: ring. 

24. An organic electroluminescence device emitting white light according to Claim 7, wherein the fluorescent dopant 
emitting blue light is at least one compound selected from styrylamines, styryl compounds substituted with an 
amine aiid compounds having a condensed aromatk) ring. 

50 

25. An organic electroluminescence device emitting white light according to Claim 8, wherein the fluorescent dopant 
emitting blue light is at least one compound selected from styrylamlnes, styryl compounds substituted with an 
amine aid compounds having a condensed aromatic ring. 

S5 26. An organic electroluminescence device emitting white light according to Claim 9, wherein the fluorescent dopant 
emitting blue light Is at least one compound selected from styrylamines, styryl compounds substituted with an 
amine and compounds having a condensed aromatic ring. 
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27. An organic electroluminescence device emitting white liglit according to Claim 1 0, wlierein tlie fluorescent dopant 
emitting iDlue light Is at least one compound selected from styrylamines, styryl compounds substituted with an 
amine ard compounds having a condensed aromatic ring. 

5 28. An organ c electrotumlnescence device emitting white light according to Claim 1 , wherein the fluorescent compound 
has an electron-donating group. 

29. An organ c electroluminescence device emitting white light accordingto Claim 1 , wherein the fluorescent compound 
has a peak wavelength of fluorescence at 540 to 650 nm. 

10 
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Fig. 3 
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